Natural products have been the source of many active substances in drug discovery. There are several strategies/approaches in the field of biology, drug discovery, molecular and cell biology for identification of bioactive molecules. Metabolomics involves fewer complexities, is more precise and provides more relevant data compared with other techniques. This approach is based on the application of new technologies and provides real-world end points that complement and help in the interpretation of genomic and proteomic data in drug discovery. It has also been proven to be a valuable analytical tool for the identification of secondary metabolites from medicinal plants, particularly for evidence-based development of new phytotherapeutical agents and nutraceuticals. This review outlines the different analytical techniques used to detect and measure the multiplexed metabolites and biomarkers in the herbal field.
Natural products have inspired many developments in organic chemistry leading to advances in synthetic methodologies in developing lead molecules [1] . Herbs have been used as folk medicines from mankind's very beginning and have also been the source of many 'modern' single drugs. Natural resource genetic codes contain the recipes for chemical compounds of potential value in pharmaceutical products. At present, metabolite profiling is of growing importance in herbal medicine, such as breeding, formulation, quality control and clinical trials [2] . It has also been proven to be a valuable analytical tool for the identification of secondary metabolites from medicinal plants, particularly for evidence-based development of new phytotherapeutical agents and nutraceuticals [3] .
Metabolomics, which is the study of metabolite profiles in a biological system under a given set of conditions, has become an approach to understanding the basic principles of relating chemical patterns in biology as well as in systems biology [4] . Metabolomics aims at qualitative and quantitative determination of as many compounds as possible in an organism. Metabolic profiling of plant extracts provides information on their chemical composition. Therefore, it allows detection of chemically varied bioactive molecules and unknown compounds, as well as assessing the possibility of their isolation [5] . Although the metabolome can be defined readily enough, it is not currently possible to analyze the entire range of metabolites by a single analytical method. For example, over 50,000 metabolites have been characterized from the plant kingdom, and many thousands have been identified and/or characterized from single plants. Metabolomics in today's world carries on its shoulders the responsibility of providing a detailed description of metabolic pathways and their workings, whether in humans, animals or plants [6] . Modern technology must be applied to establish quality controls and to standardize herbal products using biological and chemical markers. The pharmacokinetics (PK) of multi-component therapeutics is a great technical challenge, which has led to significant limitations in understanding the efficacies and toxicities of combination drugs and herbal medicines. Metabolomics has been used in clinical discovery, pharmaceutical development, environmental chemical exposure assessment, seed crop development, and herbicide and pesticide development. It has clearly demonstrated its value in elucidating the interaction of the biological system's genome with its environments, and recently been used in the PK analysis of drugs, xenobiotics and several nutrients [7] .
Drug discovery and technology development of metabolomics:
Drug discovery and development is an expensive, high-risk business. Typically, only one in 1,000 lead compounds makes it to phase 1 clinical trials, and only one in five drugs make it from phase 1 trials into the marketplace. Many of these failures can be prevented if there are better ways of screening drug targets by the use of metabolomics in drug discovery. This will be of help in the preclinical studies, clinical trials, and target identification, as well as in diagnostic studies. Metabolomic fingerprinting or profiling is continuously being applied to new areas of research such as drug discovery from natural resources, quality control of herbal material, discovery of lead compounds and quantitative analysis of wide arrays of metabolites in biological samples [8] . greatly assist evidence-based phytotherapeutics. Such research may also lead to a change of paradigm in the development and application of complex plant/phytocompound mixtures in modern medicine [9] . Of late, several analytical methods have been introduced in the improvement of metabolomics. The aims and interests of many researchers in the pharmaceutical industry are mainly focused on small molecules and the physiological effects of small molecules in the field of metabolomics [10] . Metabolic fingerprinting can be achieved with the most diverse techniques including spectroscopic (UV, IR, NMR), MS and chromatographic, like GC or HPLC, or by use of hyphenated techniques, like GC-MS or LC-NMR to find lead molecules.
Metabolomics in herbal medicine research: Herbal based remedies need a powerful and deep assessment of their pharmacological qualities and safety that actually can be realized by new biological technologies like pharmacogenomic, metabolomic and microarray methodologies [11] . It is likely to be equally relevant in the context of the further development of phytotherapeutical preparations, currently regulated under a diversity of frameworks, and will allow the establishment of reproducible high-quality standards. In other cases, such methods will be useful in chemical ecology, plant physiology, pharmacology and many other fields [12] . There are two approaches currently used for metabolomics investigations (Figure 1 , 2). Metabolic profiling focuses on the analysis of a group of metabolites either related to a specific metabolic pathway or a class of compounds.
Another approach is intended to compare different fingerprints of metabolites that change in response to disease, toxin exposure, and environmental or genetic alterations. Both approaches can be used in the search for new biomarkers. Numerous analytical technologies have been used for metabolomics applications, such as mass spectrometry (MS). It is the primary detection method for plant metabolomics due to its sensitivity, speed and broad application. Depending of the type of plant extract, gas chromatography (GC) or liquid chromatography (LC) are most routinely used for metabolite separation before the samples pass into the mass spectrometer. Gas chromatography-mass spectrometry (GC-MS) is currently proving to be the most popular global analytical method.
Different techniques used in metabolomics approach:
Currently, there are numerous definitions of metabolomics and metabolic profiling, but regardless of terminology, any definition implies an enormous analytical challenge, i.e. to cover a wide range of polarities, concentrations, and sizes of chemical entities composing the metabolome. The overriding need is, therefore, for analytical methods that can produce global metabolic profiles of biological samples, such as urine, in a reproducible way [13] . The development of analytical methods fulfilling these requirements is not an easy task [14] . The introduction of analytical tools in modern analysis is seeing advancement on a daily basis, which provides information with more accuracy and precision. Metabonomics, commonly substituted by the term metabolomics, is the term more properly used for the measurement of metabolite profiles, activities, and reactions toward the environment, medication, or disease, of a given tissue or biological fluid. Each of these analytical methodologies has its own advocates, and all have their own special features. At present, the analytical methods most often used for metabolic profiling of body fluids are nuclear magnetic resonance spectroscopy (NMR) and gas chromatography-mass spectrometry (GC-MS) [15, 16] .
NMR Spectroscopy: NMR is playing an important role in metabolomics because of its ability to observe mixtures of small molecules in living cells or in cell extracts. In 2007, Wishart formed a database of 2500 metabolites, 1200 drugs and 3500 food components using metabolomics [16] . 1 H NMR spectroscopy has the advantage that it requires little or no sample pre-treatment and acts as a 'universal', unbiased, detector for proton-containing molecules of all classes. Beckonert et al. studied metabolic profiling that mainly involved the multicomponent analysis of biological fluids, tissues and cell extracts using NMR spectroscopy and/or mass spectrometry (MS) [15] . Reo reported the use of NMR, in particular its use in toxicology, for examining the metabolic profile of biofluids [17] . The antiplasmodial activity of Artemisia afra and A. annua extracts were tested for activity against Plasmodium falciparum with positive controls of chloroquine, quinine and artemisinins. 1D-and 2D-NMR spectroscopy identified 24 semipolar components in Artemisia afra, including three new phenylpropanoids for this species: caffeic acid, chlorogenic acid and 3,5-dicaffeoyl quinic acid [18] . Also, Van der Kooy et al. reported that the NMR targeted metabolomics approach is a rapid and valuable tool in the quality control of the anti-malarial Artemisia afra herbal remedy, and A. afra and A. annua plant extracts. In addition, the concentration of artemisinin in the plant material was determined with a sensitive LC-MS method [19] . 1 H NMR and multivariate analysis techniques were applied for the metabolic profiling of Strychnos nux-vomica, S. ignatii, and S. icaja. The NMR spectra showed a clear discrimination between all samples, the major components responsible for the discrimination being brucine, loganin, fatty acids, and, for Strychnos icaja, alkaloids such as icajine and sungucine [20] .
Kim et al. have reported NMR spectroscopy-based metabolomics applied to the classification of 11 South American Ilex species. They studied the 1 H NMR spectra, combined with principal component analysis (PCA), partial least square-discriminant analysis (PLS-DA) and hierarchical cluster analysis (HCA), which showed a clear separation between the species and resulted in four groups based on metabolomic similarities [21] . The metabolic profile of black raspberry fruits has been analyzed by NMR, coupled with multivariate data analysis, which was used in the monitoring of biochemical changes during maturation [22] . Analytical
Metabolic fingerprinting is critical for the establishment of the quality of herbal medicines. Such profiling of the crude extracts of the leaf and root of Withania somnifera (Ashwagandha), was carried out using NMR and chromatographic (HPLC and GC-MS) techniques. Sixty-two major and minor primary and secondary metabolites from the leaves, and 48 from the roots were unambiguously identified. Twenty-nine of these were common to the two tissues. These included fatty acids, organic acids, amino acids, sugars and sterol based compounds. Eleven bioactive sterollactone molecules were also identified. Twenty-seven of the identified metabolites were quantified. Highly significant qualitative and quantitative differences were noticed between the leaf and root tissues, particularly with respect to the secondary metabolites [23] .
Lu et al. isolated three major active compounds tanshinone IIA (T), salvianolic acid B (S) and ginsenoside Rb1 (G) from Compound Danshen Formula. The study was aimed at investigating the therapeutic and synergistic effects of TSG for its protective effects on myocardial ischemia (MI) with a metabolomic strategy. Plasma was analyzed by ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS). Partial least squares discriminate analysis (PLS-DA) models were built to evaluate the therapeutic and synergistic effects of TSG at the whole level [24] . 1 H NMR spectroscopic analysis of Rhodiola rosea rhizome extracts led to the identification of the secondary metabolites responsible for differences in the sample composition of the plants from three different geographic areas. PCA models based on the aromatic region of the spectra showed important changes in the content of salidroside and rosavin, the rosavin content being negatively correlated to that of rhodiocyanoside A and minor aromatics [25] .
Kang et al. developed a more objective and efficient tool for discriminating herbal origins of Scutellaria baicalensis, particularly Korean and Chinese. A NMR-based metabolomics approach combined with an orthogonal projection to latent structurediscriminant analysis (OPLS-DA) were first used to analyze the constituent metabolites [26] .
The combination of 1 H NMR and multivariate analysis leads to a metabolite fingerprint that can be used for quality control and identification of the origin of the drug (e.g. geographical or supplier). Compared with other methods, and despite its relatively low intrinsic sensitivity, NMR has the advantages of simple sample preparation, high robustness, and non-selectivity, thus providing global information in a single analysis, but also specific structural characterization [27] . The metabolomics approach has been used to detect adulteration of ginseng root powders and other herbal products from different origins. Six different types of ginseng roots from China and Korea were analyzed by NMR-based metabolomics. It was observed that by using diffusion-ordered spectroscopy (DOSY) analysis the methyl signals are from high molecular weight compounds and the sugar signals are either from oligosaccharides or ginsenosides [28] .
Ritota et al. studied the metabolomic characterization of Italian sweet pepper by using HRMS-NMR spectroscopy. Both one and two dimensional NMR spectra were obtained directly from sample pieces of a few milligrams for the identification of several compounds. Organic acids, fatty acids, amino acids, and minor compounds, such as trigonelline, C4-substituted pyridine, choline, and cinnamic derivatives were observed from a single experiment [29] .
Mass Chromatography: Mass spectrometry is just one of many varieties of detectors that can be linked to HPLC or UHPLC. Alternative routes of detection that are commonly employed include visible radiation methods, such as light scattering or refractive index, and absorbance methods, such as UV or fluorescence spectroscopy and photodiode array (PDA) detection [30, 31] . Quadrupoles were one of the first types of mass analyzer employed in metabolomics studies, having been applied to both LC-MS and GC-MS [32, 33] . Quadrupole-based MS analyzers are particularly appropriate for quantitative profiling, although, since the rejuvenation of time-of-flight mass spectrometry (TOF/ MS) analyzers, they have become redundant due to the fact that TOF/MS has greater scan speeds, dynamic range and sensitivity, thus allowing quantitative profiling over a wider range of metabolite concentrations and the detection of low concentrations of metabolites below the sensitivity limit of quadrupole analyzers. Toh et al. investigated ultra-high performance liquid chromatography/ time-of-flight mass spectrometry (UHPLC/TOFMS) for timedependent profiling of raw and steamed Panax notoginseng. The results showed that the unsupervised principal component analysis (PCA) score plot (R(2)X=0.664, Q(2) (cum)=0.622, and PCs=2) and the supervised partial least square-data analysis (PLS-DA) model (R(2)X=0.708, R(2)Y=0.461, and Q(2)Y=0.271) [34] .
Li et al. investigated both Western and Chinese medicine, using metabolomics based on GC-MS for diabetic retinopathy (DR). The data revealed that both perspectives can reflect the metabolic patterns, development and differentiation of DR, and the data also had good correlation and complementarity in characterizing the process of DR. Potential biomarkers of DR based on the two perspectives indicated the alterative modes of metabolites and metabolic pathways in the disease, e.g. the disturbance in fatty acids, amino acids and glucose. The results showed the usefulness and validity of combining both Western and Chinese medicine to study the subtypes of DR and the mechanisms involved [35] . Profiling of extracts and fractions of P. canariense was carried out by GC-EI-MS and LC-ESI-TOF-MS. This resulted in effective integration of both GC-EI-MS and LC-ESI-TOF-MS strategies, which permitted the identification of many metabolites, as well as the structure elucidation of new compounds with potential AChE inhibitory activity. Seventy-six metabolites: mono-, di-and trisaccharides, fatty acids, amino acids, and sterols, as well as several Amaryllidaceae alkaloids-were detected. Further purification of the alkaloids from the methanolic extracts resulted in the detection of 31 compounds, including several potent AChE inhibitors such as galanthamine and habranthine, and the structural elucidation of 3-O-acetylhabranthine, a new natural compound with potential AChE inhibitory activity [36] . An RP-HPLC method has been developed to resolve and quantify dihydrocucurbitacin F-25-O-acetate extracted from Hemsleya pengxianensis. A content of 5.3±0.4 mg/g was determined. From principal component analysis, dihydrocucurbitacin F-25-O-acetate was found to be the main compound responsible for the antimicrobial activity against Staphylococcus aureus [37] .
Capillary Electrophoresis (CE):
Capillary electrophoresis (CE)-mass spectrometry (MS) has made significant contributions in advancing metabolomics research, although still limited at present. This review, covering reports published between 1998 and 2006, describes how CE-MS has been used thus far in this field, with the majority of the work dealing with targeted metabolite analyses and only a small fraction using it in the comprehensive context. It also discusses how some of the key features of CE-MS were exploited in selected metabolomic applications. Ramautar et al. described the potential of capillary electrophoresis (CE) in metabolomics and also in the comprehensive analysis of endogenous low-molecular weight compounds in a biological system [38] . He also evaluated CE methods for global metabolic profiling of urine metabolites [39] . Soria et al. showed that metabolic fingerprinting of biofluids, such as urine, can be used to detect and analyze differences between individuals [40] . Non-targeted profiling analysis of extracts has been tested using capillary electrophoresis time-of-flight mass spectrometry (CE-TOFMS) in order to quantify the charged metabolites [41] .
Infrared Spectroscopy: Pavlik et al. studied IR based metabolomic analysis of maize growing under different nitrogen nutrition. Different extractions and isolated fractions were characterized and evaluated using IR spectra [42] . Hussain et al. reported that extracts of Piper sarmentosum used for accelerated stability were examined by metabolomic fingerprint profiling using Fourier transform infrared (FTIR) spectroscopy and high performance thin layer chromatography (HPTLC) [43] . Ethanol extracts of the fruit were exposed to three storage conditions with different temperature and humidity, and analyzed at 0, 1, 2, 4 and 6 months to obtain metabolomic fingerprints [44] .
Discussion: Herbal medicines, in addition to their traditional value, also hold great public and medical interest worldwide as sources of nutraceuticals and as novel lead compounds for drug development. In many parts of the world, conventional medicines are not readily available or affordable to a majority of the consumers and the public continues to rely on medicines used traditionally in their cultures. There has been an increased focus in this area by the governments of individual countries based on the quality, safety, reliability, and beneficial therapeutic outcomes from the healthcare choices made by the public at large. A thorough integration of information from genomics, proteomics, and metabolomics is expected to provide solid evidence-based scientific rationales for the development of modern phytomedicines. Despite a period in which pharmaceutical companies are cutting back on their use of natural products in drug discovery, there are many promising drug candidates in the current development pipeline that are of natural origin [1] . With the increasing acceptance that the chemical diversity of natural products is well suited to provide the core scaffolds for future drugs, there will be further developments in the use of novel natural products and chemical libraries based on natural products in drug discovery campaigns.
